Listening to speech has been shown to activate motor regions, as measured by corticobulbar excitability. In this experiment, we explored if motor regions are also recruited during listening to non-native speech, for which we lack both sensory and motor experience. By administering Transcranial Magnetic Stimulation (TMS) over the left motor cortex we recorded corticobulbar excitability of the lip muscles when Italian participants listened to native-like and non-native German vowels. Results showed that lip corticobulbar excitability increased for a combination of lip use during articulation and non-nativeness of the vowels. Lip corticobulbar excitability was further related to measures obtained in perception and production tasks showing a negative relationship with nativeness ratings and a positive relationship with the uncertainty of lip movement during production of the vowels. These results suggest an active and compensatory role of the motor system during listening to perceptually/articulatory unfamiliar phonemes.
Introduction
In the classic model of language, the receptive function is associated to posterior temporal regions in the left hemisphere, while no role is played by frontal fields. Although the classic model has survived until the present day with relatively minor modification (Tremblay and Dick, 2016) , already 50 years ago it was proposed that speech perception could also benefit from speech production competence (Stevens and Halle, 1967; Liberman and Cooper, 1967) .
After decades of relatively low interest in this hypothesis, the advent of neuroimaging, and more critically of Transcranial Magnetic Stimulation (TMS), helped revive the debate around it. In fact, listening to speech modulates corticobulbar excitability measured with single pulse TMS (Fadiga et al., 2002; Watkins et al., 2003; D'Ausilio et al., 2011a; D'Ausilio et al., 2014) . By using the fundamental distinction introduced by Weiskrantz, this approach considers the brain as a "dependent variable" (Weiskrantz, 1973 (Weiskrantz, , 1974 . Otherwise, following his terminology, the brain can be used as an "independent variable". In this case, as pioneered in the 60ies (Weiskrantz et al., 1960 ), brain stimulation is used to show causal brain-behavior relationships (i.e. Salminen-Vaparanta et al., 2017 and Mazzi et al., 2017) . In this vein, TMS applied to the motor system (Meister et al., 2007; D'Ausilio et al., 2009 D'Ausilio et al., , 2011b D'Ausilio et al., , 2012 Möttönen and Watkins, 2009; Sato et al., 2009; Möttönen et al., 2013 Möttönen et al., , 2014 Bartoli et al., 2015) demonstrated a causal modulatory role in speech discrimination and identification tasks.
Collectively, these results are interpreted in line with models suggesting that the prefrontal cortex, in synergy with the action hierarchy, generate top-down signals affecting perceptual functions (Passingham and Lau, 2017) . Specifically, knowledge of articulatory gestures may be re-used during speech identification and discrimination tasks (Galantucci et al., 2006; Pickering and Garrod, 2007; Skipper et al., 2007; Pulvermüller and Fadiga, 2010) via the activation of the auditory dorsal stream involved in sensorimotor transformations (Ganel and Goodale, 2018) .
While the studies described so far show motor activities during the analysis of native speech, less is known about non-native phonemes, which are biomechanically possible oral configurations for which we lack both sensory and motor experience. Neuroimaging studies show that, besides
